Abstract: Triethylamine-promoted domino cyclodimerization reaction of 3-phenacylideneoxindolines with amino ester hydrochlorides in acetonitrile afforded substituted dispiro[indoline-3,1′-cyclopentane-3′,3″-indolines] in good yields. The relative configuration of the major diastereoisomers was determined by the X-ray diffraction analysis of three single crystal structures.
Introduction
The spirooxindole core is one of the most privileged heterocyclic rings, which not only exists in several naturally occurring substances, but is also featured in many medicinally relevant compounds with wide applications as antimicrobial and antitumor agents and inhibitors of the human neurokinin receptor [1] [2] [3] [4] [5] . These properties have prompted many efforts toward the multilateral investigations of various spirooxindoline derivatives [6] [7] [8] [9] [10] [11] . Consequently, many efficient synthetic procedures have been developed for the preparation of the diversely structural spirocyclic oxindoles [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . In recent years, carbocyclic dispirooxindole systems have attracted much attention due to their rich molecular diversity and particularly difficult synthetic methodology [24] [25] [26] [27] [28] [29] [30] [31] [32] . Recently, we found that the base-promoted domino reactions of two molecules of 3-phenacylideneoxindolines with nucleophiles such as alcohol, amine and thiols furnish versatile alkoxy-and amino-substituted and methylene-bridged dispiro[indoline-3,1′-cyclopentane-3′,3″-indolines] in satisfactory yields and with high diastereoselectivity [33, 34] . This finding provides a practical method for the construction of a complex polycyclic spirooxindoline system. Thennarasu has also reported a similar base-catalyzed reaction of 3-phenacylideneoxindolines with 2-aminopyridine or 4-aminopyrimidine to give the corresponding 2-pyridylamino-or 4-pyrimidylamino-substituted dispirocyclopentaneoxindolines [35] . To study the scope of this unique reaction and further demonstrate the synthetic value of this protocol, we wish to report the synthesis of dispiro[indoline-3,1′-cyclopentane-3′,3″-indoline] with functionalized amino ester derivatives via a base-promoted cyclodimerization reaction of 3-phenacylideneoxindoles with amino ester hydrochlorides.
Results and discussion
According to our previously established reaction conditions [33] , a mixture of 1-benzyl-5-chloro-3-(2-oxo-2-(p-tolyl) ethylidene)indolin-2-one (1.0 mmol) and ethyl glycinate hydrochloride (1.0 mmol) in acetonitrile in the presence of piperidine (1.2 mmol) was stirred at room temperature overnight (Table 1) . After workup, the expected aminoester-substituted dispiro[indoline-3,1′-cyclopentane-3′,3″-indoline] 1a was obtained in good yield. Unfortunately, the 1 H NMR spectrum clearly showed that the obtained sample was contaminated with a piperidinyl-substituted dispirocyclopentaneoxindoline, which was obviously derived from the participation of piperidine acting as a competitive nucleophile in the reaction. To avoid this phenomenon, triethylamine was chosen as a scavenger of hydrogen chloride and as the base for the catalysis of the cyclodimerization reaction. The reaction proceeded smoothly to give the desired substituted dispiro[indoline-3,1′-cyclopentane-3′,3″-indolines] 1a-d in good yields (Table 1) . Under similar conditions, other amino ester hydrochlorides were employed in the reaction. The desired amino-ester-substituted dispirocyclopentaneoxindolines 1e-l were obtained in satisfactory yields. The results are summarized in Table 1 . Analysis of 1 H nuclear magnetic resonance spectra revealed that the reaction usually results in the formation of a mixture of diastereoisomers, with molecular ratios in the range from 0.81:0.19 to 0.50:0.50, which cannot be easily separated by column or thin-layer chromatography. To determine the relative configuration of the products, single crystal structures of spiro compounds 1b (Figure 1 ), 1g (not shown) and 1k ( Figure 2 ) were determined by X-ray diffraction. We were pleased to find that molecules in the three single crystals had the same configuration. As can be seen from Figure 1 , the two oxindoline scaffolds at the 1,3-positions are in trans orientation in the newly formed cyclopentyl ring, while the 2-benzoyl group and the 5-aryl group are cis-oriented to each other. The 4-amino ester and 5-hydroxyl group are also in cis orientation. On the basis of 1 H NMR spectra and single crystal structures, it can be concluded that all major products 1a-l have this relative configuration. It should be pointed out that this relative configuration of the major disatereoisomer is also the same as that of our previously reported alkoxyand amino-substituted dispiro[indoline-3,1′-cyclopentane-3′,3″-indolines] [33] . This analysis indicates that the diastereoselectivity of the base-promoted cyclodimerization of 3-phenacylideneoxindole with various nucleophiles is controlled by molecular effects.
A plausible reaction mechanism for products 1 is presented in Scheme 1. In the presence of triethylamine, the amino ester hydrochloride is converted into the free amino ester. Then, the Michael addition of the free amino ester to 3-phenacylideneoxindole generates an adduct A, which, in turn, undergoes addition to the second molecule of 3-phenacylideneoxindole to give a double adduct B. Then, the carbanionic center of B undergoes an intramolecular nucleophilic addition to the carbonyl group to afford a cyclic intermediate product C, which is the final precursor to product 1. In the cyclization step, the most stable diastereoisomer would be preferentially formed as the major isomer, as observed.
Conclusions
An efficient synthetic protocol for the synthesis of compounds 1 by a base-mediated reaction of two molecules of 3-phenacylideneoxindole with amino ester hydrochloride is described. The reaction uses readily available starting materials, proceeds under mild conditions and the products are obtained in good yields and with high diastereoselectivity.
Experimental
The 1 H NMR and 13 C NMR spectra were obtained in DMSO-d 6 at 600 MHz and 150 MHz, respectively. The IR spectra were obtained using KBr pellets.
General procedure for the preparation of dispirocyclopentanebisoxindolines 1a-l
A solution of 3-phenacylideneoxindoline (1.0 mmol), amino ester hydrochlorides (0.6 mmol) and triethylamine (1.2 mmol) in acetonitrile (10 mL) was stirred at room temperature for 12 h. The resulting precipitate was collected by filtration and washed with cold ethanol to give analytically pure products 1a-l. 195.5, 180.1, 177.7, 143.2, 141.9, 141.3, 136.7, 135.5, 135.4 1,1″-dibenzyl-5,5″-difluoro-4′-hydroxy-2′-(4-methylbenzoyl)-2,2″-dioxo-4′-(p-tolyl)dispiro[indoline-3,1′-cyclopentane-3′,3″ Ethyl (1,1″-dibenzyl-5,5″-dichloro-4′-hydroxy-2′-(4-methylbenzoyl)-2,2″-dioxo-4′-(p-tolyl) 196.0, 179.6, 176.5, 173.0, 143.0, 142.0, 141.6, 136.9, 135.9, 135.4 
Ethyl (1,1″-dibenzyl-5,5″-dichloro-4′-hydroxy-2′-(4-methylbenzoyl)-2,2″-dioxo-4′-(p-tolyl

Ethyl 1,1″-dibutyl-5,5″-dichloro-4′-hydroxy-2′-(4-methoxybenzoyl)-4′ -(4-methoxyphenyl)-2, 2″ -dioxodispiro[indoline-3,1′ -cyclopentane-3′,3″-indolin]-5′-yl)glycinate (1b) White
Supporting information
Crystallographic data for 1b (CCDC 1480217), 1g (CCDC 1480218) and 1k (CCDC1480219) have been deposited at the Cambridge Crystallographic Database Centre.
